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(54) Semiconductor device with improved reliability wiring and method of its fabrication. 

(57) A first interlayer dielectric film layer is formed 
on a semiconductor substrate (21). The first 
interlayer dielectric film (22) is made of a BPSG 
film formed by atmospheric pressure chemical 
vapour deposition method. First connection 
holes (24) are formed at specified positions of 
the first interlayer dielectric film layer. A first 
conductive film layer (23) is formed in a region 
including at leas the first connection holes. The 
first conductive film layer is composed of three 
layers by sequentially laminating a barrier metal 
film (23A), an aluminium alloy film (23B), and an 
anti-reflection film (23C). On the first conduc- 
tive film layer formed in a specified pattern, a 
second interlayer dielectric film layer (26) is 
formed. The second interlayer dielectric film 
layer is composed of a lower layer (26A) of 
silicon oxide film, an intermediate layer (26B) of 
silicon oxide film made of inorganic silica or 
organic silica, and an upper layer (26C) of 
silicon oxide film. Specified portions of the 
second interlayer dielectric film layer are selec- 
tively removed. The removed regions become 
second connection holes (25). A second con- 
ductive film layer (27) is formed thereon. The 
second conductive film layer is composed of 
two layers : a refractory metal film (27A) as a 
lower layer and an aluminium alloy film (27B) as 
an upper layer. Thus, the second conductive 
film layer is not moved easily by the stress of the 
passivation film formed above, at the same time, 
formation of voids in the second connection 
holes is prevented, and increase of resistance of 
wiring is kept to a minimum. Hence, a semicon- 
ductor device with reduced reliability problems 
and a method for fabricating such a device are 
disclosed. 
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The present invention relates to the reliability of 
connection holes between wiring layers formed within 
a semiconductor device, and more particularly to a 
semiconductor device having a much higher connec- 
tion hole reliability than devices with the conventional 
connection hole structure, and a method of fabricating 
such devices. 

Recently, as the degree of integration of semicon- 
ductor devices has advanced, wiring layers within 
such devices have tended to become very fine and it 
has become known to use a plurality of wiring layers. 

At present, even the semiconductor memory 
devices at the forefront of progress towards finer 
technology use multilayer wiring technology. 

Multilayer wiring technology employs a polycide 
film with two layers of polycrystalline silicon and ref- 
ractory metal silicide. This is because it is difficult to 
obtain multilayer wiring with both multiple layers and 
finer layers using aluminium alloy film which is used 
to form single wiring layers. 

However, the sheet resistance of a wiring layer 
using polycide film is approximately two orders . of 
magnitude higher than that of a wiring layer of alumi- 
nium alloy film. Therefore, when manufacturing a 
semiconductor device operating at high speed, a wir- 
ing delay due to the use of polycide film occurs. When 
compared with devices using aluminium alloy film, 
such semiconductor devices do not operate at a high 
speed. It would therefore be advantageous to make a 
device with multiple layers using an aluminium alloy 
film with low sheet resistance, thereby maintaining the 
reliability of the semiconductor device. 

With the progress of finer technology, there is 
also a trend towards finer layers in the field of micro- 
computers e.g. logic, ASIC, and grate arrays. In par- 
ticular, the operating speed and functions of 
microprocessing units (MPUs) are being upgraded 
progressively, and, therefore, a much finer technology 
is expected to be developed. The performance of the 
MPU varies with the size of the data to be handled. For 
example, in the same 32-bit MPUs, the performance 
is determined by the complexity of the function pro- 
vided and its operating frequency, that is, the mag- 
nitude of the processing speed. 

At present, the operating frequency is about 50 
MHz in a 32-bit MPU. With the current degree of inte- 
gration 1 ,000,000 transistors are formed in an area no 
larger than. However further degrees of integration 
are necessary in order to raise the operating fre- 
quency and achieve higher functions in MPUs. Thus 
a sophisticated finer technology is needed. 

In order for MPUs to operate at high speed as well 
as performing complex functions, lowering of operat- 
ing speed due to wiring delay should be avoided. To 
achieve this multilayer wiring using aluminium alloy 
film has been used. To improve the performance of 
the MPU, therefore, it is important to make multilayer 
wiring technology finer while using aluminium alloy 



film. 

Problems which occur in making fine wiring using 
aluminium alloy film are deterioration and breakdown 
of the wiring by migration. Such reliability problems of 

5 semiconductor devices are major factors as they 
impede the progress toward finer technology. 

Migration is classified into electromigration and 
stress migration. Much is known of the deterioration 
phenomenon of wiring by stress migration. For 

10 example, it is discussed in the 25th Annual Proceed- 
ings Reliability Physics 1987, pp. 15-21 in an article 
entitled "The Effect Of of Cu Addition to Al-Si Intercon- 
nects on Stress Induced Open-Circuit Failure". Stress 
migration occurs when wiring using aluminium alloy 

15 film is subjected to stress between the intertayer 
dielectric film surrounding the wiring and the passi- 
vation film, and changes in temperature with time in 
use. Because of such stress and changes in tempera- 
ture, the aluminium atoms in the aluminium alloy film 

20 move leaving cavities or voids in the wiring. As such 
voids build up, the wiring is finally broken down. This 
phenomenon is called stress migration. The above 
mentioned article proposes adding copper to the 
aluminium alloy film. This results in copper precipitat- 

25 ing into the crystal grain boundaries in the aluminium 
film, and thereby suppressing movement of alumi- 
nium atoms. The articles states that the resistance to 
stress migration is thereby improved. This article is 
therefore concentrated with wiring using aluminium 

30 alloy film. 

Another consideration is that, for finer multilayer 
wiring technology using aluminium alloy film, as the 
width of the wiring is reduced, it is also necessary to 
reduce the size of connection holes between upper 

35 and lower wirings. The diameter of such connection 
holes must be smaller than the minimum width of the 
upper and lower wirings. For example, if the width of 
the wiring is 1.0 um, the diameter of connection hole 
must be not greater than 1.0 um. If connection holes 

40 are used with a diameter greater than the minimum 
possible width of the wiring, the width of the wiring 
must be made not smaller than the size of the connec- 
tion hole. Therefore, the density of the wiring cannot 
be increased easily, and the degree of integration 

45 cannot be improved. Hence, the chip size is larger 
than it might otherwise be for a semiconductor device 
with a particular function. 

A prior art device is described below with refer- 
ence to Fig. 8 which is a process sectional view show- 
so ing the manufacturing method of such a device. As an 
example a semiconductor substrate of a first conduc- 
tive type (P-type) is described. It is assumed in the fol- 
lowing explanation that a semiconductor element, 
such as an ordinary MOS transistor, a MOS capacitor, 

55 a bipolar transistor or a resistor (not shown) is formed 
in the P-type substrate 1. 

On the P-type semiconductor substrate 1, a sili- 
con oxide film is formed as a first intertayer dielectric 
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film layer 2. The silicon oxide film is for example, an 
Si0 2 a film, a BPSG (Boron-Phospho-Silicate Glass) 
film, or a PGS (Phospho-Slicate Glass) film formed 
using low pressure chemical vapour deposition or 
atmospheric pressure chemical vapour deposition. 

Next, a specified portion of the first intertayer 
dielectric film layer 2 is selectively removed to form a 
first connection hole 4. The P-type semiconductor 
substrate 1 is thus exposed in the bottom of the first 
connection hole 4. The native oxide film which forms 
on the exposed semiconductor substrate 1 is 
removed, and a first conductive film layer 3 is formed 
in a specified area which includes the first connection 
hole 4 (Fig. 8A). This first conductive film layer 3 is for- 
med into a desired pattern by anisotropic etching such 
as Reactive Ion Etching (hereinafter called RIE), and 
the device is heat treated at a temperature of about 
450°C (Fig. 8B). 

A second interiayer dielectric film layer 6 is then 
formed on the first conductive film layer 3 and a speci- 
fied portion of the second interiayer insulation film 
layer 6 is selectively removed to form a second con- 
nection hole 5. The native oxide film which forms oh 
the first conductive film layer 3 exposed in the bottom 
of the second connection hole 5 is removed to expose 
the surface of the first conductive film layer 3. A sec- 
ond conductive film layer 7 is formed in a specified 
area which at least includes the second connection 
hole 5 (Fig. 8C). The second conductive film layer 7 
is formed of aluminium alloy film and is formed into a 
desired pattern by anisotropic etching such as RIE 
(Fig. 8D). 

Thus a two-layer wiring structure is fabricated. 

A passivation film is then formed on the semicon- 
ductor element having a film thickness of 500 to 1200 
nm. 

In a semiconductor device fabricated by the 
above described known method, degradation due to 
storage at high temperature (eg. 180°C) occurs. A 
semiconductor device used for measuring the degree 
of deterioration is fabricated as described below. As 
a first interiayer dielectric film layer 2, a BPSG film is 
deposited on the P-type semiconductor substrate 
having a film thickness of 60nm. A first conductive film 
layer 3 is deposited on the BPSG film. A second inter- 
iayer dielectric film layer 6 is formed thereon. A sec- 
ond connection hole 5 is formed in the second 
interiayer dielectric film layer 6. A second conductive 
film layer of aluminium alloy film is deposited having 
a film thickness of 1000 nm followed by a passivation 
film of a PSG film 300 nm thick and a silicon nitride film 
800 nm thick. 

Fig, 9 shows the relationship between the contact 
hole size and the open failure rate of the second con- 
nection hole after various lengths of storage at 1 80°C. 

As the high temperature storage time is 
increased, the open failure rate increases. When the 
diameter of second connection hole 5 is smaller than 



about 1.4 um, the open failure rate increases sharply 
for a storage time of 1600 hours. That is, in the prior 
art devices, although the conductive state is properly 
established during manufacture, failure of the con- 
5 nections in the semiconductor device occurs as a 
result of high temperatures. When the diameter of the 
connection hole is smaller than'a particular size, open 
failure is caused, and this poses a serious reliability 
problem. 

10 Thus, in the prior art semiconductor devices with 

multilayer wiring, when the diameter of the second 
connection holes 5 becomes small, it causes serious 
reliability problems. 

When multilayer wiring is made having a fine 

is structure in prior art semiconductor devices in addi- 
tion to the wiring breaking due to the stress migration, 
open failure of. the connection holes occurs, and a 
serious reliability problem occurs when the diameter 
of the connection holes is smaller than about 1 .4 um. 

20 A failed semiconductor device was analysed by a 

focused ion beam (FIB) technique and it was found 
that voids are formed in the aluminium alloy film (the 
second conductive film layer 7), at the interface be- 
tween the first conductive film layer 3 and the second 

25 conductive film layer 7 in the second connection hole 
5. Such voids cause the breakdown of the aluminium 
alloy film (the second conductive film layer 7). This, 
therefore is the mechanism of disconnection which 
causes the open failure decried above. 

30 The same problem occurs when copper elements 

are initially added to the aluminium alloy film. 

The correlation of open failure rate and stress in 
the passivation film was also considered as a possible 
cause of open failure. The stress in the passivation 

35 film varies according to the type of passivation film. As 
a result of measuring first semiconductor devices hav- 
ing a passivation film formed of two layers, i.e. a PSG 
film 300 nm thick and a silicon nitride film 800 nm 
thick, second semiconductor devices having a passi- 

40 vation film formed of a single layer, i.e. a PSG film 300 
nm thick, third semiconductor devices having a pas- 
sivation film formed of a single layer, i.e. a silicon nit- 
ride film 800 nm thick, and fourth semiconductor 
devices without a passivation film, it is established 

45 that a PSG film formed by an atmospheric pressure 
chemical vapour deposition method has a tensile 
stress of 2 x 1 0- 10 N/m 2 , and the silicon nitride film for- 
med by a plasma enhanced chemical vapour deposi- 
tion method has a compressive stress of 9 x 

50 1CM°N/m2. 

Fig. 10 shows the cumulative open failure of each 
type of semiconductor device mentioned above after 
high temperature storage at 180°C in a nitrogen 
atmosphere for 1000 hours. 

55 In semiconductor devices without a passivation 

film the cumulative open failure does not increase as 
the contact hole is made smaller, while in semicon- 
ductor devices formed with a silicon nitride film having 
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a strong compressive stress the cumulative open fail- 
ure is clearly increased. 

In the prior art, the second conductive film layer 
7 was formed by sputtering. As a result in the second 
connection hole, the coverage of the second conduc- 
tive film layer 7 is poor. Hence the second conductive 
film layer 7 in the second connection hole 5 is very 
thin. Therefore, because of the stress in the passi- 
vation film above, the aluminium atoms are moved, 
and voids are formed in the second connection hole 
5, thereby easily leading to open failure. 

It is known to improve the coverage of the second 
conductive film layer 7 by burying the second connec- 
tion hole 5 with the conductive film layer. For example, 
by burying the hole with tungsten, the coverage of the 
second conductive film layer 7 in the second connec- 
tion hole 5 may be markedly improved. However, 
there is a disadvantage in burying with tungsten in that 
the resistance of tungsten is approximately one order 
of magnitude higher than that of conventional alumi- 
nium alloy-film. Because of this increase in the resist- 
ance a wiring delay is caused which may lead to 
operating errors in the semiconductor device. It is the 
therefore necessary to plan the design again taking 
the resistance increase into consideration, and the 
conventional designs cannot be used directly. 

In summary, the problem discussed above, i.e. 
the occurrence of voids in the second connection hole 
5, may simply be avoided by forming the second con- 
ductive film layer 7 of a refractory metal such as tung- 
sten. Since the melting point of tungsten and other 
refractory metals is high the wire is not easily broken 
by stress in the passivation film. However, tungsten 
and other refractory metals have a higher resistivity 
than aluminium alloy film, and the wiring resistance 
increases. 

The present invention provides a semiconductor 
device comprising: 

a semiconductor substrate; 

a first interlayer dielectric film formed on the 
semiconductor substrate and having at least one first 
connection hole at a specified position therein; 

a first conductive film layer formed over a 
specified area including said at least one first connec- 
tion hole; 

a second interlayer dielectric film formed on the 
first conductive film layer and having at least one sec- 
ond connection hole at a specified position therein; 
and 

a second conductive film layer; 

characterized by further comprising a refrac- 
tory metal film formed on the second interlayer dielec- 
tric film over a specified area including said at least 
one second connection hole and in that said second 
conductive film layer is formed on said refractory 
metal film. 

An advantage of the preferred embodiment of the 
invention is that the second conductive film layer is 



not easily moved by the stress of a passivation film. 
Another advantage is the suppression of the for- 
mation of voids in the second connection hole. Wiring 
resistance is also kept to a minimum in this invention. 

5 In particular a semiconductor device is described 
which has good reliability even if the diameter of the 
connection hole in multilayer wiring using aluminium 
alloy film is smaller than about 1.4 urn, together with 
a method for manufacturing such a device. 

10 In a semiconductor device according to the pre- 

sent invention a refractory metal film is used as a bar- 
rier metal film in the first conductive film layer to 
prevent monocrystalline silicon precipitating in the 
contact area of the aluminium alloy film and the senni- 
ts conductor substrate, and contact failure in the contact 
area due to precipitation of monocrystalline silicon is 
prevented. Also aluminium spikes are not induced in 
the first connection hole due to mutual diffusion of the 
aluminium alloy film and the silicon of the semicon- 

20 ductor substrate. 

In a particular embodiment a titanium film is used 
in the lower layer of the first conductive film layer 
together with an intermediate layer of titanium nitride. 
In this arrangement the nitrogen leaving the titanium 

25 nitride film of the intermediate layer is prevented from 
entering the aluminium alloy film, and therefore shor- 
tening of life due to el ectromig ration of the aluminium 
alloy film may be prevented. 

Moreover, since the titanium film of the upper 

30 layer and aluminium alloy film are preferably alloyed, 
movement of aluminium atom in the aluminium alloy 
film is suppressed. By alloying both of them, in addi- 
tion, grain growth in the aluminium alloy film may be 
suppressed, i.e. occurrence of voids formed in the 

35 aluminium alloy film may be prevented and the resist- 
ance to stress migration may be enhanced. 

There is preferably an anti-reflection film on the 
first conductive film layer, so that a photoresist pattern 
transferred as a mask pattern may be formed thereon 

40 in a specified region. 

jn one embodiment of this invention the second 
interlayer dielectric film layer comprises three layers 
of silicon oxide film the middle one of which is silica. 
In this arrangement, the lower silicon oxide layer pre- 

45 vents the first conductive film layer from oxidizing due 
to moisture in the middle silicon oxide film and the 
upper silicon oxide film prevents moisture absorption 
by the middle silicon oxide film. 

The second interlayer dielectric film layer des- 

50 cribed above is preferably formed such that the mid- 
dle silicon oxide film layer flattens the surface step 
difference caused by the first conductive film layer, so 
that the second conductive film layer may not be bro- 
ken. 

55 The semiconductor device of the invention is pref- 

erably heat-treated which causes the refractory metal 
film and the aluminium alloy film layer which prefer- 
ably forms the second conductive film layer to be 
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alloyed, so that movement of aluminium atoms may 
be suppressed. Besides, since the refractory metal 
gets into the aluminium alloy film by alloying, grain 
growth within the aluminium alloy film may be sup- 
pressed, and formation of voids in the aluminium alloy 
film may be prevented. As a result, the resistance of 
the aluminium alloy film to stress migration may be 
improved. 

In the semiconductor device of the invention, 
moreover, by forming a refractory metal beneath the 
second conductive film layer, movement of atoms in 
the second conductive film layer due to stress in a 
passivation film formed thereon may be prevented, 
and the occurrence of voids in the second connection 
hole may be suppressed. The increase of wiring resi- 
stance due to the refractory metal is kept to a mini- 
mum, and when the invention is used in prior art 
design models operating errors in the semiconductor 
devices are not caused and prior art design techni- 
ques may be utilized directly. 

Further, in a semiconductor device according to 
this invention, if the diameter of the second connec- 
tion hole is greater than about 0.7 urn, the open failure 
rate did not increase due to storage at high temperat- 
ures (e.g. 180°C). 

Even if the coverage of aluminium alloy film in the 
second connection hole is poor, the open failure rate 
can be reduced by utilizing this invention. 

The open failure rate may be also reduced by con- 
trolling the thickness of the titanium film which prefer- 
ably forms the refractory metal film and the diameter 
of the second connection hole. 

Increase of the open failure rate may be also pre- 
vented in a preferred embodiment by forming a silicon 
nitride film having a high stress directly on the second 
conductive film layer as a passivation film. 

As mentioned above titanium film is preferably 
used at the refractory metal. This is very reactive and 
alloying is easily achieved with the first conductive 
layer in the bottom of the second connection hole. 
Thus the* likelihood of failure of the contact between 
the first conductive film layer and the second conduc- 
tive film layer through the second connection hole is 
decreased. Thus, the refractory metal film prevents 
the formation of voids in the aluminium alloy film, and 
by using titanium film as the refractory metal film, con- 
tact failure in the second connection hole may be dec- 
reased. Similar effects may also be obtained by using 
an alloy film of titanium and an other refractory metal, 
for example, an alloy of titanium and tungsten. 

According to the preferred method of fabricating 
semiconductor devices of the invention, since the 
second connection hole is formed by a combination of 
isotropic etching and anisotropic etching, the wiring 
does not form a sharp step shape in the connection 
hole. 

After removing the native oxide film formed on the 
first conductive film layer preferably by Argon back 



sputtering, the second conductive film layer is formed 
without the device being exposed to the atmosphere, 
so that the contact of the two is secure and contact 
failure is avoided. 
5 Besides, in the method of fabricating semicon- 

ductor devices of the invention, since the refractory 
metal film is preferably heat-treated to alloy also the 
first conductive film layer, the contact between the 
first conductive film layer and second conductive film 
10 layer becomes tighter. As a result, lowering of yield 
due to contact failure is prevented. At the same time, 
any damage caused by etching may be recovered by 
heat treatment. 

Prefered embodiments of this invention will be 
15 described by way of example with reference to the 
accompanying drawings, in which 

Fig. 1 is a sectional view showing a semiconduc- 
tor device according to this invention; 
Fig. 2 is a process sectional view showing the fab- 
20 ricating method of the semiconductor device of 

this invention; 

Fig. 3 is a diagram showing the relationship be- 
tween the open failure rate and the size of the 
connection hole in a device according to this 
25 invention; 

Fig. 4 is a diagram showing the relationship be- 
tween the contact resistance value and the size 
of the connection hole in a device according to 
this invention; 

30 Fig. 5 is a diagram showing the dependence of 

the open failure rate on the titanium film thickness 
in this invention; 

Fig. 6 is a diagram showing the relationship be- 
tween the storage time at 1 80°C and the open fail- 

35 ure rate in this invention; 

Fig. 7 is a diagram showing the yield for semicon- 
ductor devices fabricated according to this inven- 
tion as compared with the prior art devices; 
Fig. 8 is a process sectional view showing the fab- 

40 ricating method of a semiconductor device in the 

prior art; 

Fig. 9 is a diagram showing the relationship be- 
tween the size of the connection hole and the 
open failure rate in the prior art; and 
45 Fig. 10 is a diagram showing the dependence of 

the cumulative open failure rate on the stress of 
passivation film in the prior art. 
Referring to the drawings, an embodiment of the 
invention is described in detail below. Fig. 1 is a see- 
so tional view useful for explaining a first embodiment of 
the semiconductor device of the invention. 

As an example a semiconductor substrate 21 of 
a first conductive type (P-type) is described. However, 
the following description is also applicable to an N-ty- 
55 pe semiconductor. In the following explanation, it is 
assumed that any one of the ordinary semiconductor 
elements such as a MOS transistor, MOS capacitor, 
bipolar transistor or resistor (not shown) has already 
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been formed on the P-type semiconductor substrate 
21. 

A first interfayer dielectric film layer 22 is formed 
on the P-type semiconductor substrate 21. The first 
interlayer dielectric film layer 22 is made of a BPSG 5 
film formed by an atmospheric pressure chemical 
vapour deposition method. 

Instead of the BPSG film, however, other dielec- 
tric films may be used such as an Si0 2 film or a PSG 
film. The first interlayer dielectric film layer 22 is 10 
arranged to maintain the dielectric strength between 
the semiconductor element formed in the P-type 
semiconductor substrate 21 and a first conductive film 
layer 23. The thickness of the first interlayer dielectric 
film layer 22 is about 400 to 1000 nm. The first inter- 15 
layer dielectric film layer 22 is also arranged to 
improve the step coverage of the first conductive film 
layer 23 formed thereon. 

A first connection hole 24 is formed at a specified 
position in the first interlayer dielectric film layer 22. 20 
The first connection hole 24 is formed in a shape so 
as not to break the first conductive film layer 23 above. 
That is, the shape of the first connection hole 24 is tap- 
ered so that the opening at the top of the first interlayer 
dielectric film layer 22 is larger than the opening at the 25 
bottom. 

The first conductive film layer 23 is formed over 
an area which at least covers the first connection hole 
24. The first conductive film layer 23 comprises three 
layers; a barrier metal film 23A, an aluminium alloy 30 
film 23B and an anti-reflection film 23C. The first con- 
ductive film layer 23 may alternatively comprise a 
single layer of aluminium alloy film alone, or two layers 
of barrier metal film and an aluminium alloy film, or two 
layers of aluminium alloy film and an anti-reflection 35 
film. 

The first conductive film layer 23 is appropriately 
alloyed by the P-type semiconductor substrate 21. 
Accordingly, the contact characteristic is stabilized. 

The thickness of the aluminium alloy form 23B is 40 
about 300-700 nm. The aluminium alloy film 23B is 
doped with at least one element to prevent migration 
(e.g. Cu, Ti, Pd). 

The aluminium alloy film 23B in this embodiment 
is doped with about 1.0% by mass of Si to prevent 45 
aluminium spikes and about 0.5% by mass of Cu to 
prevent migration. 

The barrier metal film 23A formed beneath the 
aluminium alloy film 23B has an effect described as 
follows. If the aluminium alloy film 23B and the P-type 50 
semiconductor substrate 21 are in direct contact with 
each other, monocrystalline silicone precipitates, 
which increases the contact resistance value in the 
areas where it is formed. The presence of the barrier 
metal film 23A prevents such an increase of the con- 55 
tact resistance value due to precipitation of monocris- 
talline silicon in the first connection hole 24. It also 
prevents the formation of aluminium spikes in the area 



of the first connection hole 24 due to mutual diffusion 
of the aluminium alloy film 23B and silicon atoms of 
P-type semiconductor substrate 21 . The barrier metal 
film 23A comprises a titanium film deposited by a 
sputtering method and a titanium nitride film depo- 
sited by a reactive sputtering method. The thickness 
of the titanium film is preferably about 10 to 40 nm, 
and the thickness of the titanium nitride film about 
40to150nm. 

The titanium film and the titanium nitride film of 
the barrier metal film 23A are formed by an inline 
method of sputtering respectively. Due to such inline 
sputtering, the contact resistance value between the 
titanium film and the titanium nitride film is substan- 
tially reduced, since the titanium nitride film is depo- 
sited on the titanium film before the formation of a 
native oxide layer on the titanium film. 

The total thickness of the titanium film and the 
titanium nitride film is therefore in the range 50 to 190 
nm. As the total thickness value of the barrier metal 
film is about 1 0% of that of the first interlayer dielectric 
film layer 22. the step coverage of the aluminium alloy 
film 23B on the first connection hole 24 is notably 
improved. 

The barrier metal film 23A produces the same 
effects if it comprises refractory metal, refractory sili- 
cide, refractory metal alloy or a laminate structure of 
these. 

Further effects may be achieved if the barrier 
metal film 23A comprises three layers: a titanium film 
deposited by a sputtering method, a titanium nitride 
film deposited by a reactive sputtering method, and a 
further titanium film deposited by a sputtering method. 
In this case, the thickness of the lower titanium film is 
preferably in the range 10 to 40nm, the thickness of 
the intermediate titanium nitride film is preferably in 
the range 40 to 1 50nm, and the thickness of the upper 
titanium film is preferably in the range 20 to 60 nm. 
The upper titanium film prevents the invasion of nitro- 
gen, leaving the intermediate titanium nitride film, into 
the aluminium alloy film 23B. This prevention of the 
invasion of nitrogen into the aluminium alloy film 23B 
reduces shortening of the life of the aluminium alloy 
film 23B due to el ectromig ration. 

It is necessary to form the upper titanium film 20 
to 60 nm thick to prevent nitrogen invasion into the 
aluminium alloy film 23B and electromigration of the 
aluminium film 23B. 

Furthermore, the upper titanium film and alumi- 
nium alloy film 23B are alloyed. This is effective to 
suppress the movement of aluminium atoms in the 
aluminium alloy film 23B. Furthermore, by alloying, 
titanium gets into the aluminium alloy film 23B. Hence, 
grain growth in the aluminium alloy film 23B may by 
suppressed. That is, the occurrence of voids in the 
aluminium alloy film 23B is prevented. Further, the 
resistance to stress migration may be enhanced. 
It is also necessary to form the upper titanium film 
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20 to 60 nm thick to increase adequately the resist- 
ance to stressmig ration. 

Similar effects are obtained when the barrier 
metal film 23A is formed of an alloy film of titanium and 
tungsten deposited by sputtering method. The thick- 
ness of the alloy film of titanium and tungsten in this 
case is preferably in the range 40 to 150 nm. When 
the barrier metal film 23A is formed of the alloy film of 
titanium and tungsten, the titanium and aluminium 
alloy film 23B are alloyed. As a result, titanium gets 
into the aluminium alloy film 23B and, consequently, 
movement of aluminium atoms in the aluminium alloy 
film 23B is suppressed. It is also possible to suppress 
grain growth in the aluminium alloy film 23B. That is, 
the occurrence of voids in the aluminium alloy film 23B 
may be prevented. Thus, the resistance to stress 
migration may be enhanced. 

The anti-reflection film 23C is formed on the 
aluminium alloy film 23B. The anti-reflection film 23C 
reduces the surface reflectively of the first conductive 
film layer 23. Usually, a step in processing the first 
conductive film layer 23 into the desired shape by RIE 
is to form a pattern of photoresist in specified regions. 
This photoresist pattern is often formed by a reduced 
projection exposure method. By the light from the 
reduced projection exposure apparatus, the photo- 
resist pattern is projected onto the photoresist which 
is accordingly sensitized. At this stage, if there is a 
material of high surface reflectively present, such as 
the aluminium alloy film 23B, and in particular if it has 
a step difference beneath the aluminium alloy film 
23B, the photoresist is sensitized not only by the light 
from the reduced projection exposure apparatus, but 
also by the light reflected by the aluminium alloy film 
23B in the matrix after penetrating through the photo- 
resist. Accordingly, the desired pattern on the photo- 
mask is not projected precisely onto the photoresist. 
Therefore, to overcome this problem, the anti-reflec- 
tion film 23C is formed on the entire surface of the 
aluminium alloy film 23B. By reducing the surface ref- 
lectivity, unwanted sensitization of the photoresist by 
the light reflected from the matrix is decreased, and 
the desired pattern formed on the photomask is pre- 
cisely transferred to the photoresist. Because of the 
anti-reflection film 23C, the required pattern of photo- 
resist is also achieved with high precision when form- 
ing the second connection hole 25 by anisotropic 
etching such as RIE. 

The anti-reflection film 23C is formed of titanium 
nitride film deposited by a reactive sputtering method. 
The thickness of titanium nitride film is preferably in 
the range 20 to 60 nm. Similar effects can be obtained 
by forming the anti-reflection film 23C of a refractory 
metai film, a refractory metal silicide film or an alloy 
film of refractory metal. 

As described above, the barrier metal film 23A, 
the aluminium alloy film 23B and the anti-reflection 
film 23C are all formed using the same sputtering 



method. Since each of these films is chemically reac- 
tive, oxide films on the surface of these films are for- 
med by contact with air. The contact resistance is 
increased by such oxide films. Therefore it is import- 

5 ant that these films (the barrier metal film 23A, the 
aluminium alloy film 23B and the anti-reflection film 
23C) are formed using the inline sputtering method. 

A second interlayer dielectric film layer 26 is for- 
med on the first conductive film layer 23 formed in a 

10 desired shape. The second interlayer dielectric film 
layer 26 comprises a lower layer of silicon oxide film 
,26A, an intermediate layer of silicon oxide film 26B 
using inorganic silica or organic silica and an upper 
layer of silicon oxide film 26C. The lower layer of sili- 

15 con oxide film 26A is formed by applying a high fre- 
quency in a vapour phase containing, for example, 
SiH 4 orTEOS Xtetraethylorthosilicate). It is deposited 
by the so-called plasma enhanced chemical vapour 
deposition method. 

20 The intermediate layer of silicon oxide film 26B is 

an inorganic silica or organic silica in gel form. The 
. silica is applied onto the silicon oxide film 26A by spin- 
ning and baked. The silicon oxide film 26C is formed, 
in the same way as the silicon oxide film 26A, by 

25 plasma enhanced chemical vapour deposition 
method. In this way, the second interlayer dielectric 
film layer 26 is formed, comprising three layers of sili- 
con oxide 26A, 26B, 26C. 

The lower silicon oxide film 26A is in contact with 

30 the first conductive film layer 23 and the silica of the 
silicon oxide film 26B. The lower silicon oxide film 26A 
prevents oxidation of the first conductive film layer 23 
by the moisture contained in the silica when forming 
the silicon oxide film 26B. The intermediate silicon 

35 oxide film 26B flattens the step in the surface of the 
first conductive film layer 23, and hence the surface 
of the upper silicon oxide film 26C is flattened. This 
helps to prevent breakdown of the second conductive 
film layer 27, formed on the silicon oxide film 26C in 

40 a later process, which may be caused by a step in its 
surface. The upper silicon oxide film 26C adds to the 
film strength of the second interlayer dielectric film 
layer 26 itself. The top silicon oxide film 26C also pro- 
tects the surface of the intermediate silicon oxide film 

45 26B. The top silicon oxide film 26C further prevents 
the silicon oxide film 26B absorbing moisture. 

The thickness of the silicon oxide film 26A is pref- 
erably in the range 100 to 400nm. 

To prevent moisture contained in the inter- 
so mediate silicon oxide film 26B penetrating to the sur- 
face of the first conductive film layer 23, it is important 
that the thickness of the lower silicon oxide firm 26A 
is preferably in the range 100 to 400 nm. As men- 
tioned above this is formed by plasma enhanced 

55 chemical vapour deposition method using gas at least 
containing TEOS. 

The thickness of the silicon oxide film 26B is pref- 
erably in the range 150-250 nm. The thickness of the 
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silicon oxide film 26C is preferably in the range 200 to 
500 nm. It is necessary that the thickness of the upper 
silicon oxide film 26C is approximately 200 to 500 nm 
to provide sufficient mechanical strength to protect 
the lower silicon oxide film 26B. The total film thick- 5 
ness of the second interfayer dielectric film layer 26 is 
therefore in the range 500 to 1000 nm. 

As a result of this total film thickness of the sec- 
ond interfayer dielectric film layer 26, the insulation 
between the first conductive film layer 23 and the sec- 10 
ond conductive film layer 27 is perfect. 

A second connection hole 25 is formed at a speci- 
fied position in the second interiayer dielectric film 
layer 26. The second connection hole 25 is designed 
to prevent disconnection of the second conductive 15 
film layer 27 formed over the hole in a subsequent pro- 
cess. That is, the hole is tapered so that the opening 
at the top of the second interiayer dielectric film layer 
26 is larger than the opening at the bottom. 

A second conductive film layer 27 is formed over 20 
an area which at least covers the second connection 
hole 25. The second conductive film layer 27 com- 
prises two layers: a lower refractory metal film 27A 
and a top aluminium alloy film 27B. The second con- 
ductive film layer 27 is formed with a thickness greater 25 
than that of the first conductive film layer 23 in order 
to lessen the surface step difference of the multilayer 
wiring. 

The refractory metal film 27A and the aluminium 
alloy film 27B of the second conductive film layer 27 30 
are chemically reactive, and oxide films form on the 
surface of these films due to contact with air. The con- 
tact resistance is increased by such oxide films. 
Therefore it is important to form these films using the 
inline sputtering method. 35 

The refractory metal film 27A and the aluminium 
alloy film 27B which form the second conductive film 
layer 27 are alloyed. Therefore, movement of alumi- 
nium atoms of the aluminium alloy film 27B is suppres- 
sed. By alloying, the refractory metal gents into the 40 
aluminium alloy film 27B. The refractory metal sup- 
presses grain growth within the aluminium alloy film 
27B. As a result, the occurrence of voids in the alumi- 
nium alloy film 27B may be prevented, and the resist- 
ance of the aluminium alloy film 27B to stress 45 
migration is increased. Furthermore, the refractory 
metal film 27A is also alloyed with the first conductive 
film layer 23. Consequently the contact between the 
first conductive film layer 23 and the second conduc- 
tive film layer 27 is more secure and reduction in yield so 
due to contact failure is avoided. 

As discussed above, in order that voids may not 
occur in the aluminium alloy film 27B, the refractory 
metal film 27A of the bottom layer and aluminium alloy 
film 27B are alloyed, and by such alloying, the refrac- 55 
tory metal atoms get into the aluminium alloy film. This 
is also effective to suppress movement of aluminium 
atoms induced by the stress of the passivation film. 



The thickness of the aluminium alloy film 27B is 
in the range 700-1200 nm. The aluminium alloy film 
27B, in the same way as the aluminium alloy film 23B, 
is doped with at least one element to prevent 
migration (e.g. Cu, Ti, Pd). The aluminium alloy film 
27B used in this embodiment is doped with about 
1 .0% by mass of Si to prevent the formation of alumi- 
nium spikes, and about 0.5% by mass of Cu to prevent 
migration. 

The refractory metal film 27A is formed beneath 
the aluminium alloy film 27B. The refractory metal film 
27A is formed in order to prevent the occurrence of 
voids in the aluminium alloy film 27B. The refractory 
metal film 27A is composed of a titanium film depo- 
sited by sputtering method. The thickness of the 
titanium film is in the range 30 to 150 nm. 

; The second conductive film 27 is composed of 
two layers, the titanium film and the aluminium alloy 
film 27B, which are alloyed. This helps to suppress 
movement of aluminium atoms within the aluminium 
alloy film 27B. This is also effective to suppress grain 
growth within the aluminium alloy film 27B as the 
titanium gets into the crystal grain boundary of the 
aluminium alloy film 27B. That is, formation of voids 
inside the aluminium alloy film 27B is suppressed. In 
addition, the resistance of the aluminium alloy film 
27B to stress migration is increased. 

The refractory metal film 27A may alternatively be 
composed of another refractory metal (W, Mo, Ta, Hf f 
etc), a refractory metal compound, a refractory metal 
silicide or an alloy of refractory metals. With such 
alternatives, formation of voids inside the aluminium 
alloy film 27B is also suppressed. The refractory metal 
film 27A is appropriately alloyed with the upper alumi- 
nium alloy film 27B in the subsequent heat treatment. 
By way of such alloying, grain growth of aluminium 
alloy film is suppressed. Thus, by using the material 
suppressing the grain growth more efficiently, the 
growth of voids formed in the aluminium alloy film is 
suppressed. It is also effective to increase the resist- 
ance to stress migration. 

Fig. 2 is process section view useful for explain- 
ing a first embodiment of the method of fabricating a 
semiconductor device of the invention. 

As an example, a semiconductor substrate 21 of 
a first conductive type (P-type) is used in the following 
description. The method is the same, however, if an 
N-type semiconductor substrate is used. It is sup- 
posed in the following explanation that any one of the 
ordinary semiconductor elements, such as a MOS 
transistor, MOS capacitor, bipolar transistor or resis- 
tor (not shown) has already been formed on the P-ty- 
pe semiconductor substrate 21. 

A first interiayer dielectric film 22 is formed on the 
P-type semiconductor substrate 21 . A suitable layer is 
a silicon oxide film formed by a low pressure chemical 
vapour deposition method or an atmospheric press- 
ure chemical vapour deposition method. Such a sili- 
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con oxide film may be, for example, a BPSG film for- 
med by an atmospheric pressure chemical vapour 
deposition method. As an alternative to BPSG film, 
the silicon oxide film may comprise an Si0 2 film, a 
PSG film or other dielectric film. The first interiayer 
dielectric film layer 22 is arranged to maintain dielec- 
tric strength between the semiconductor element for- 
med on the P-type semiconductor substrate 21 and 
the first conductive film layer 23. The thickness of the 
first interiayer dielectric film layer 22 is preferably in 
the range 400 to 1000 nm. The first interiayer dielec- 
tric film 22 is also arranged to improve the step cover- 
age of the first conductive film layer 23 formed 
thereon. That is, by means of heat treatment and flow- 
ing of the first interiayer dielectric film layer 22, the 
surface of the first conductive film layer 23 is flattened. 
For such flowing, the temperature attained by the heat 
treatment is preferably in the range 850 to 950°C. The 
flowing is conducted in a nitrogen gas atmosphere or 
a mixed gas atmosphere of hydrogen and oxygen. 
When the flowing is conducted a mixed gas atmos- 
phere of hydrogen and oxygen the surface is flattened 
more smoothly than in a nitrogen gas atmosphere. 

Next, by selectively removing a specified portion 
of the first interiayer dielectric film layer 22, a first con- 
nection hole 24 is formed. The first connection hole 24 
is formed so as not to break the upper first conductive 
film layer 23. To etch the upper part of the first inter- 
iayer dielectric film layer 22, isotropic etching such as 
wet etching is preferably used. After etching of the 
upper part, to etch the remaining lower part first inter- 
iayer dielectric film layer 22 anisotropic etching such 
as reactive ion etching (RIE) is preferably used. In this 
way, the first connection hole 24 is formed. The shape 
of the first connection hole 24 is tapered so that the 
opening at the top of the first interiayer dielectric film 
layer 22 is larger than the opening at the bottom. Alter- 
natively it may be possible to form the required shape 
of the first connection hole 24 by anisotropic etching 
only (Fig. 2A). 

After etching, a native oxide film forms on the exp- 
osed P-type semiconductor substrate 21. 

The native oxide film on the P-type semiconduc- 
tor substrate 21 exposed at the bottom of the first con- 
nection hole 24 is removed, for example, by use of a 
diluting solution such as hydrochloric acid. The first 
conductive film layer 23 is then formed. The first con- 
ductive film layer 23 comprises three layers: a barrier 
metal film 23A, an aluminium alloy film 23B and an an- 
ti-reflection film 23C. The first conductive film layer 23 
may alternatively comprise a single layer of alumi- 
nium alloy film alone, or two layers of barrier metal film 
and an aluminium alloy film, or two layers of alumi- 
nium alloy film and an anti-reflection film. The first 
conductive film layer 23 is processed into a desired 
pattern by anistropic etching such as RIE. 

The next stage is a heat treatment in, for example, 
a hydrogen gas atmosphere, or a mixed gas atmos- 



phere of hydrogen and nitrogen, at a temperature of 
approximately 450°C. This heat treatment causes the 
first conductive film layer 23 and silicon atoms of the 
P-type semiconductor substrate 21 to be property 
5 alloyed. As a result, the contact characteristic is stabi- 
lized. Also, this heat treatment causes any damage 
caused by the anisotropic etching, such as RIE. to be 
recovered (Fig. 2B). 

The aluminium alloy film 23B is formed by a sput- 
10 tering method. At his stage the film thickness is in the 
range 300 to 700 nm. The aluminium alloy film 23B is 
doped with at least one element to prevent migration 
e.g. (Cu, Ti, Pd, etc). 

The aluminium alloy film 23B is this embodiment 
15 is doped with about 1JD% by mass of Si to prevent 
aluminium spikes, and about 0.5% by mass of Cu to 
prevent migration. 

The barrier metal film 23A is formed beneath the 
aluminium alloy film 23B. 
20 The presence of the barrier metal film 23A pre- 

vents an increase of the contact resistance value due 
to precipitation of mono crystal tine silicon in the first 
connection hole 24. It also prevents the formation of 
aluminium spikes in the first connection hole 24 due 
25 to mutual diffusion of the aluminium alloy film 23B and 
silicon atoms of P-type semiconductor substrate 21. 
The barrier metal film 23A comprises two layers of 
titanium film deposited by a sputtering method and a 
titanium nitride film deposited by a reactive sputtering 
30 method. The thickness of the titanium film is in the 
range 10 to 40 nm, and the thickness of the titanium 
nitride film is in the range 40 to 1 50 nm. 

The barrier metal film 23A provides the same 
effects if it alternatively comprises refractory metal, 
35 refractory metal silicide, refractory metal compound, 
or a laminate structure of these. 

The barrier metal film 23A has further effects if it 
comprises three layers: a titanium film deposited by a 
sputtering method, a titanium nitride film deposited by 
40 a reactive sputtering method and a further titanium 
film deposited by a sputtering method. In this case the 
thickness of the lower layer of the titanium film is pref- 
erably in the range 10 to 40 nm, the thickness of the 
intermediate layer of the titanium nitride film is prefer- 
45 ably in the range 40 to 150 nm and the thickness of 
the upper titanium film is preferably in the range 20 to 
60 nm. The upper titanium film prevents the nitrogen 
leaving the intermediate titanium nitride film entering 
the aluminium alloy film 23B. This prevention of the 
so entry of nitrogen into the aluminium alloy film 23B 
reduces shortening of the life of the aluminium alloy 
film 23B due to el ectromig ration. 

Furthermore, the upper titanium film and the 
aluminium alloy film 23B are alloyed. As a result 
55 movement of aluminium atoms in the aluminium alloy 
film 23B is suppressed. By alloying, moreover, occurr- 
ence of voids in the aluminium alloy film 23B may be 
prevented. In addition, the resistance to stress 
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migration may be enhanced. 

Similar effects are produced if the barrier metal 
film 23A comprises an alloy film of titanium and tung- 
sten deposited by sputtering method. The thickness 
of the alloy film of titanium and tungsten in this case 
is preferably in the range 40 to 150 nm. When the bar- 
rier metal film 23A is formed of the alloy film of titanium 
and tungsten, the titanium and the aluminium alloy 
film 23B are alloyed. As a result, the titanium atoms 
get into the aluminium alloy film 23B and conse- 
quently resistance to stress migration is enhanced. 

The anti-reflection film 23C is formed on the 
aluminium alloy film 23B. The anti-reflection film 23C 
decreases the surface reflectively of the first conduc- 
tive film 23. 

The anti-reflection film 23C is formed of a titanium 
nitride film deposited by a reactive sputtering method. 
The thickness of the titanium nitride film is preferably 
in the range 20-60 nm. The a nti- refection film 23C pro- 
duces similar effects if it comprises a refractory metal 
film, a refractory metal silicide film, or an alloy film of 
refractory metal. 

Next a second interlayer dielectric film layer 26 is 
formed on the first conductive film layer 23 in a speci- 
fied pattern. The second interlayer dielectric film layer 
26 comprises a lower layer of silicon oxide film 26A, 
an intermediate layer of silicon oxide film 26B using 
inorganic silica or organic silica and an upper layer of 
silicon oxide film 26C. The lower silicon oxide film 26A 
is formed by applying a high frequency in a vapour 
phase containing, for example. SiH 4 or TESO (tet- 
raethylorthosilicate). It is deposited by the so called 
plasma enhanced chemical vapour deposition 
method. 

The intermediate silicon oxide film 26B is organic 
silica or inorganic silica in gel form. The silica is 
applied onto the silicon oxide film 26A by spinning, 
and baked. The silicon oxide film 26C is formed by the 
plasma enhanced chemical vapour deposition 
method in the same way as the silicon oxide film 26A. 

The lower silicon oxide film 26A is in contact with 
the first conductive layer 23 and the silica of the silicon 
oxide film 26B. The lower silicon oxide film 26A pre- 
vents oxidation of the first conductive film layer 23 by 
the moisture contained in silica when forming the sili- 
con oxide film 26B. The intermediate silicon oxide film 
26B flattens the step in the surface of the first conduc- 
tive film layer 23 of the matrix, and hence the surface 
of the upper silicon oxide film 23C is flattened. As a 
result, in the subsequent process, the second conduc- 
tive film layer 27 formed on the silicon oxide film 26C 
is prevented from being broken due to a step in the 
surface. The upper silicon oxide film 26C adds to the 
strength of the second intermediate insulation film 
layer 26 itself. It further protects the surface of the 
intermediate silicon oxide film 26B. It moreover pre- 
vents moisture absorption by the silicon oxide film 
26B. 



The thickness of the silicon oxide film 26A is pref- 
erably in the range 100 to 400 nm. The silicon oxide 
film 26B is formed by repeating the spinning appli- 
cation process of silica and baking process at a tem- 
5 perature of about 450°C several times. The thickness 
of the silicon oxide film 26B is preferably in the range 
150 to 250 nm. The thickness of the silicon oxide film 
26C is preferably in the range 200 to 500 nm. The total 
thickness of the second interlayer dielectric film layer 
10 26 is therefore in the range 500 to 1000nm. 

Any one of the three silicon oxide films 26A. 26B, 
26C forming the second interlayer dielectric film layer 
26 may be a silicon oxide film formed by one of the fol- 
lowing methods. For example, in a vapour phase con- 
15 taining at least TEOS T after thickly depositing the 
silicon oxide film by plasma enhanced chemical 
vapour deposition method by applying high fre- 
quency, the entire surface may be etched to form a 
silicon oxide film having a specified thickness. Alter- 
20 natively the silicon oxide film may be formed by 
pyrolysis of a mixed gas of ozone and TEOS. 

A specified portion of the second interlayer 
dielectric film layer 26 is removed selectively to form 
a second connectin hole 25. The second connection 
25 hole 25 is formed so as not to cause breakdown of the 
second conductive film layer 27 formed on the upper 
part in a subsequent process. The upper region of the 
second interlayer dielectric film layer 26 may be for- 
med by isotropic etching such as wet etching, and the 
30 lower region may be formed by anistopic etching such 
as R1E (reactive ion etching). As a result, the hole is 
formed in a taper so that the opening at the top of the 
second interlayer dielectric film layer 26 is larger than 
the opening at the bottom. Alternatively it may be 
35 possible to form the required shape of the second 
connection hole 25 by anistopic etching only. 

Afterforming the second connection hole 25, heat 
treatment is applied at a temperature of about 380°C. 
This causes any damage caused by etching to be 
40 repaired and the silicon oxide film 26B exposed on the 
side wall of the second connection hole 25 to be 
baked solid simultaneously (Fig. 2C). 

After the formation of the second connection hole 
25, a native oxide film, particularly aluminium oxide 
45 (Al 2 0 3 ) forms on the exposed surface of the first con- 
ductive film 23 layer. This is removed by sputtering 
using Argon ion. For this purpose the pressure of 
argon gas is about 5 mtorr (667mPa). 

Removal of the native oxide film is intended to 
so improve the contact between the first conductive film 
layer 23 exposed in the second connection hole 25 
and the second conductive film layer 27, thereby 
avoiding contact failure. 

The process of removing the native oxide film on 
55 the first conductive film layer 23 is not limited to the 
sputtering method using argon, but any other suitable 
method may be employed. For example, RIE using 
reactive gas may be used. 
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The second conductive film layer 27 is then for- 
med without exposing the cleaned surface of the first 
conductive film layer to the air. 

The second conductive film layer 27 comprises 
two layers: a lower layer of refractory metal film 27A 
and an upper layer of aluminium alloy film 27B. The 
second conductive film layer 27 is formed with a gre- 
ater thickness than that of the first conductive film 
layer 23 in order to lessen the surface step difference 
of the multilayer wiring. 

Subsequently the second conductive film layer 27 
may be formed in a specified shape by anisotropic 
etching such as RIE. 

Following this, heat treatment is conducted at a 
temperature of about 450°C, for example, in a hydro- 
gen gas atmosphere, or in a mixed gas atmosphere 
of hydrogen and nitrogen. This heat treatment causes 
the refractory metal film 27A and aluminium alloy film 
27B of the second conductive film layer 27 to be 
alloyed. This is effective to suppress the movement of 
aluminium atoms within the aluminium alloy film 27B. 
By alloying, moreover, the refractory metal atoms get 
into the aluminium alloy film 27B and this suppresses 
grain growth in the aluminium alloy film 27B. As a 
result, formation of voids in the aluminium alloy film 
27B is suppressed and the resistance of the alumi- 
nium alloy film 27B to stress migration is increased. 
Furthermore, by the heat treatment, the refractory 
metal film 27A also alloys with the first conductive film 
layer 23 exposed at the bottom of the second connec- 
tion hole 25. Accordingly, a reduction in the yield due 
to contact failure may be prevented. Also, any dam- 
age caused by anisotropic etching such as RIE may 
be repaired by way of the heat treatment (Fig. 2D). 

In order to prevent formation of voids in the alumi- 
nium alloy film 27B, the refractory metal film 27Aof the 
bottom layer and the aluminium are alloyed. By alloy- 
ing, as mentioned above, the refractory metal atoms 
get into the aluminium alloy film. This suppresses 
movement of aluminium atoms induced by the stress 
of the passivation film. To expedite such suppression 
it is necessary to ensure that alloying of the bottom 
refractory metal 27A and top aluminium alloy film 27B 
is uniform. Also this prevents formation of an interface 
layer that may impede alloying, between the alumi- 
nium alloy film 27B and the refractory metal film 27A. 
Such an interface layer in previously known proces- 
ses is, for example, an oxide layer of the refractory 
metal film. Therefore, deposition of the refractory 
metal film 27A and deposition of the aluminium alloy 
film 27B are performed as a continuous process with- 
out exposure to the atmosphere. By forming these 
layers as a continuous process, the occurrence of 
voids within the aluminium alloy fiim 27B is suppres- 
sed. 

The aluminium alloy film 27B may be formed by 
a sputtering method. Its film thickness is preferably in 
the range 700 to 1200 nm. The aluminium alloy film 



27B is doped with at least one element to prevent 
migration (e.g. Cu. Ti, Pd), in the same way as the 
aluminium alloy film 23B. The aluminium alloy film 
27B used in this embodiment is doped with approxim- 
5 ately 1 .0% by mass of Si to prevent aluminium spikes, 
and approximately 0.5% by mass of Cu to prevent 
migration. 

The refractory metal fiim 27A is formed beneath 
the aluminium alloy film 27B. The aluminium alloy film 

w 27 A is formed in order to prevent formation of voids 
in the aluminium alloy film 27B. The refractory metal 
film 27A is composed of a titanium film deposited by 
sputtering method. The thickness of the titanium film 
is preferably in the range 30 to 100 nm. ' 

15 When the second conductive film layer 27 is com- 

posed of two layers of titanium film and aluminium 
alloy film 27B, the. titanium film and aluminium alloy 
film 27B are alloyed. Thus, movement of aluminium 
atoms within the aluminium alloy film 27B is suppres- 

20 sed. Also, the titanium atoms get into the crystal grain 
boundaries of the aluminium alloy film 27B, thereby 
suppressing the grain growth of the aluminium alloy 
film 27B, and formation of voids inside the aluminium 
alloy film 27B, and formation of voids inside the alumi- 

25 nium alloy film 27B may be prevented. In addition, the 
resistance of the aluminium alloy film 278 to stress 
migration may be increased. 

The refractory metal film 27A may alternatively be 
composed of another refractory metal (W, Mo, Ta, Hg, 

30 etc.), a refractory metal compound, a refractory metal 
silicide or an alloy of refractory metals. Similarly in this 
case occurrence of voids within the aluminium allow 
film 27B may be prevented. Moreover, the refractory 
metal film 27A and the aluminium alloy film 27B of the 

35 top layer are appropriately alloyed by subsequent 
heat treatment. By alloying, grain growth within the 
aluminium alloy film is suppressed. Thus, by using a 
material suppressing the grain growth, the occurr- 
ence of voids formed in the aluminium alloy film may 

40 be suppressed more effectively. It is thus more effec- 
tive for increasing resistance to stress migration. 

Following the above steps it is advantageous to 
form a passivation film (not shown) comprising a PSG 
film and a silicon nitride film. The PSG film relaxes the 

45 high stress of the silicon nitride film. Stress in the sili- 
con nitride film may induce breakdown of the second 
conductive film layer 27. The PSG film is formed, for 
example, by an atmospheric pressure chemical 
vapour deposition method. The thickness of PSG film 

so is preferably in the range 100 to 400 nm. The silicon 
nitride film prevents moisture and pollutants penetrat- 
ing the device. The silicon nitride film is formed, for 
example, by plasma enhanced chemical vapour dep- 
osition method. The thickness of silicon nitride film is 

55 preferably in the range 500 to 1200 nm. 

Fig. 3 shows the results of reliability tests of the 
second connection hole of a semiconductor device 
fabricated according to this invention. 
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The particular semiconductor device tested is 
fabricated as follows. On a 6-inch P-type semiconduc- 
tor substrate a BPSG film 600nm thick is deposited. 
On the BPSG film, a barrier metal film and an alumi- 
nium alloy film are deposited as a first conductive film 5 
layer. The barrier metal is formed of two layers: a 
titanium film and a titanium nitride film. The thickness 
of the titanium film is 20nm, and the thickness of the 
titanium nitride film is 1 0Onm. The aluminium alloy film 
is doped with 1.0% by mass of silicon and 0.5% by w 
mass of copper. The thickness of the aluminium alloy 
film is 600nm. A second interiayer dielectric film is for- 
med of a silicon oxide film 400nm thick, a silicon oxide 
film of inorganic silica or organic silica in gel form, and 
a silicon oxide film 300 nm thick. A second conductive 15 
film layer is formed of a titanium film 50nm thick and 
an aluminium alloy film 1000 nm thick. A passivation 
film is formed of a PSG film 300nm thick and a silicon 
nitride film 800 nm thick. 

On a P-type semiconductor substrate formed as 20 
described above 100,000 second connection holes 
are disposed in series. A total of 120 contact chains 
between the first conductive film layer and second 
conductive film layer are formed. 

The sample as described above is different from 25 
the prior art in that the second conductive film layer is 
composed of two layers of titanium film and aluminium 
alloy film. 

Fig. 3 shows the results of open failure rate tests 
of the contact chains of this semiconductor device 30 
conducted by investigating the electrical conducting 
state. The horizontal axis denotes the contact hole 
size or the diameter of the second connection holes. 
The vertical axis represents the open failure rate. The 
open failure rate immediately after manufacture is 35 
indicated by the curve marked "initial" in the diagram. 
The other curves represent the failure rates obtained 
after storage at a high temperature (180°C) in a nitro- 
gen atmosphere for various lengths of time. The high 
temperature storage times are 400 hours, 800 hours 40 
and 1600 hours, and the open failure rate of the 
devices after storage for each length of time is shown. 
As can be seen from Fig. 5 when the diameter of the 
second connection holes is greater than about 0.6um, 
storage at a high temperature (180°C) does not 45 
increase the open failure rate, unlike in the prior art 
shown in Figs. 8 and 9. Thus the formation of the 
titanium film in the bottom layer of the second conduc- 
tive film causes the open failure rate to be lower than 
in the prior art. At the same time although the for- 50 
mation of the titanium film in the bottom layer of the 
aluminium alloy film does not improve the coverage of 
aluminium alloy film in the second connection hole, 
even where the thickness of the second conductive 
film lay r is very thin, the open failure rate is lower 55 
than in the prior art. This fact suggests that voids are 
not formed in the aluminium alloy film of the top layer 
of the second conductive film layer in the second con- 



nection hole and occurrence of voids is suppressed 
by this invention. Even with contact hole sizes which 
are prone to open failure due to growth of voids in the 
prior art, open failure does not occur in this invention. 
In the prior art, when the contact hole size is smaller 
than 1.4 m, problems arise with the reliability of semi- 
conductor devices. In this invention, by contrast, the 
contact hole size may be as small as 0.6 um without 
causing adverse effects to the reliability of the semi- 
conductor device. In this invention therefore reduction 
in the reliability of semiconductor devices by for- 
mation of voids may be prevented. 

Fig. 4 shows the relationship between the contact 
hole size and contact resistance for samples formed 
in the same way as described above in relation to Fig. 
3, However, the titanium film which was used as the 
refractory metal film in the bottom layer the second 
conductive film layer, was formed with various thick- 
ness (10 nm, 30 nm, and 50 nm) in different devices 
and the resistance of the contact chain was measured 
in the various cases. 

The contact resistance is given in terms of the 
resistance of each second connection hole, and is 
found by dividing the total resistance value of the con- 
tact chain by 10,000 which is the number of contacts 
in each contact chain. 

The contact resistance is compared between the 
prior art and the above described embodiment. In this 
embodiment, when the thickness of the titanium film 
in the second conductive film layer is 50 nm, as com- 
pared to a prior art device without a titanium film and 
having an aluminium alloy film 1000nm thick as the 
second conductive film layer, the contact resistance 
is approximately 30-40% higher. 

The resistance approaches the resistance of the 
conventional constitution if the titanium film is made 
thinner than 50nm. If the titanium film is made thicker 
than 50 nm, the contact resistance increases further. 
However in order to suppress the formation of voids 
in the second connection holes effectively, it is more 
advantageous to increase the thickness of the 
titanium film. 

Fig. 5 shows the relationship between the contact 
hole size and the open failure rate with a titanium film 
10 nm, 30 nm, and 50 nm thick. The contact hole size 
indicates the diameter of the second connection 
holes. In this study, all the samples were subject to 
storage at a high temperature of 1 80°C for 1 000 hours 
in a nitrogen atmosphere. The diagram also shows 
the result of a prior art device without a titanium film. 

When the thickness of the titanium film is 30 nm, 
the diameter of the second connection holes at which 
the open failure rate begins to increase is greater than 
that when the thickness of titanium film is 50 nm. That 
is, when the thickness of titanium film is 30 nm, the 
open failure rate begins to increase when the diame- 
ter of second connection holes is about 0.7 um, while 
in the case of titanium film 50 nm thick, it is about 0.6 
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um. A more marked difference can be seen with a 
titanium film 10 nm thick. 

Therefore, in the design of semiconductor 
devices in which it is desired to maintain the reliability 
of second connection holes while making them very 
small, and to attempt to minimise any increase in wir- 
ing resistance, it is necessary to select a titanium film 
having an appropriate thickness depending on the 
semiconductor device and the properties required. 
For example, when manufacturing a semiconductor 
device in which the diameter of second connection 
holes is 1.0 um, with an aluminium alloy film 700 to 
1200 nm thick, a titanium film 50 nm thick should be 
used in the second conductive film layer. 

Fig. 6 shows the relationship between the open 
failure rate and the length of time for which the semi- 
conductor device is left in a nitrogen atmosphere at 
180°c! The result suggests that the open failure rate 
for disconnection varies due to the occurrence of 
voids within the second conductive film layer. The 
change of open failure rate in this case means the 
transitional change of the open failure rate when leav- 
ing the semiconductor device at the temperature of 
180°C. 

The diagram illustrates the case using a single 
layer of aluminium alloy film in the prior art and using 
an aluminium alloy film with a titanium film beneath as 
the embodiment of this invention. 

In the sample according to the invention, the sec- 
ond conductive film layer is composed of a titanium 
film 50 nm thick and an aluminium alloy film 1000 nm 
thick. The second conductive film layer has a wire 
width of 0.8 um and a wiring length of 60 cm. 267 such 
patterns were fabricated on a 6-inch P-type semicon- 
ductor substrate, and the electric conductive state 
was investigated and the open failure rate was calcu- 
lated. Also, because of the ease of forming voids in 
the aluminium alloy film of the second conductive film 
layer in the semiconductor device, a silicon nitride film 
with a high stress is usually formed as a passivation 
film directly on the second conductive film layer. Such 
a silicon nitride film is formed 800 nm thick by a 
plasma enhanced chemical vapour deposition 
method. 

As shown in Fig. 6, with a single layer of alumi- 
nium alloy film as in the prior art, as the storage time 
at the temperature of 180°C increases the open fail- 
ure rate of the semiconductor device also increases. 
This indicates that voids formed in the aluminium alloy 
film grow as the storage time passes. Because of 
such void growth, wire breakdown is likely to occur, 
and the open failure rate increases. By contrast, by 
depositing a titanium film, which is a refractory metal 
as the bottom layer of the second conductive film layer 
as in the invention, it is known that voids are preven- 
ted from forming in the aluminium alloy film in the sec- 
ond conductive film layer. Even after 3000 hours, the 
second conductive film layer is not broken, and the 



open failure rate does not increase. Thus, by deposi- 
ting the titanium film as a lower layer, the reliability of 
second connection holes is improved, and the resist- 
ance of the second conductive film layer (the alumi- 

5 nium alloy film) to stress migration is enhanced. 

Furthermore, since titanium is a very reactive 
metal, alloying is promoted onto the first conductive 
film layer at the bottom of the second connection 
holes. As a result, contact failures are markedly dec- 

10 reased for the connection between the first conduc- 
tive film layer and the second conductive film layer 
through the second connection holes. Thus, the ref- 
ractory metal film is capable of preventing the for- 
mation of voids in the aluminium alloy film, and by 

15 using titanium film as tbe refractory metal film contact 
failures in the second connection holes may be 
reduced. 

Titanium is a highly reactive material, and similar 
effects can also be obtained by using an alloy film of 

20 titanium and another refractory metal, for example, an 
alloy film of titanium and tungsten. 

Because the titanium film is chemically reactive 
the titanium and the first conductive film layer 27 at the 
bottom of the second connection hole 25 are encour- 

25 aged to alloy. This is effective in that contact failure 
between the first conductive film layer 23 and the sec- 
ond conductive film layer 27 is markedly decreased. 

Fig. 7 is a diagram showing the yield of semicon- 
ductor devices fabricated according to this invention 

30 as compared with the prior art. Semiconductor 
devices with 900,000 second connection holes in a 
chip with an area of 30 mm 2 are fabricated on a 6-inch 
semiconductor substrate and Fig. 7 is a diagram illus- 
trating yield of various devices. Semiconductor 

35 devices fabricated according to the prior art are desig- 
nated as substrate numbers 1 to 8, and semiconduc- 
tor devices fabricated according to this invention are 
designated as substrate numbers 9 to 16. 

The yield is higher for semiconductor devices of 

40 this invention than for those of the prior art. This 
shows that the reliability of semiconductor devices 
fabricated according to this invention is superior to 
that of the prior art. That is, the titanium film or other 
refractory metal film as the lower part of the second 

45 conductive film layer prevents the occurrence of voids 
in the aluminium alloy film and decreases the fre- 
quency of contact failure in the second connection 
holes. 

Thus, by composing the second conductive film 
so layer of two layers of refractory metal and aluminium 
alloy film, the formation of voids in the aluminium alloy 
film is suppressed. As a result, the reliability of second 
connection holes smaller than in the prior art may be 
maintained, and the wiring density of the semiconduc- 
55 tor device may be greatly increased. That is, in an 
area smaller than in the prior art, a semiconductor 
device with equivalent functions may be fabricated, or 
alternatively, without increasing the chip size, a semi- 
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conductor device having higher functions may be fab- 
ricated. By using a titanium film or an alloy film of 
titanium and tungsten as the refractory metal, 
moreover, it is possible to connect with the first con- 
ductive film more securely than in the prior art. Hence, 5 
semiconductor devices may be manufactured more 
successfully than in the prior art. 



Claims ro 

1 . A semiconductor device comprising: 

a semiconductor substrate (21); 

a first interlayer dielectric film layer (22) 
formed on the semiconductor substrate (21) and is 
having at least one first connection hole (24) at a 
specified position therein; 

a first conductive film layer (23) formed 
over a specified area including said at least one 
first connection hole (24); 20 

a second interlayer dielectric film layer 
(26) formed on the first conductive film layer (23) 
and having at least one second connection hole 
(25) at a specified position therein; and 

a second conductive film layer (27); 25 

characterized by further comprising a ref- 
ractory metal film (27A) and an aluminium alloy 
film (27B) formed on the second interlayer dielec- 
tric film layer (26) over a specified area including 
said at least one second connection hole (25). 30 

2. A semiconductor device according to claim 1, 
wherein the first conductive film layer (23) com- 
prises a refractory metal film (23A) alloyed with 

the semiconductor substrate, a nitride film of the 35 
refractory metal formed on the refractory metal 
film, an aluminium alloy film (23B) formed on the 
nitride film, and an anti-reflection film (23C) for- 
med on the aluminium alloy film. 

40 

3. A semiconductor device according to claim 1, 
wherein the first conductive film layer comprises 
a first refractory metal film alloyed with the semi- 
conductor substrate, a nitride of, the first refractory 
metal formed on the first refractory metal film, a 45 
second refractory metal film formed on the nitride 
film, an aluminium alloy film formed on the second 
refractory metal film, and an anti-reflection film 
formed on the aluminium alloy film. 

50 

4. A semiconductor device according to any one of 
claims 1, 2 or 3, wherein the second conductive 
film layer (27) is an aluminium alloy film (27B), 
and the refractory metal film (27A) alloyed with 

the aluminium alloy film (27B). 55 

5. A method of fabricating a semiconductor device 
comprising: 

14 



forming a first interlayer dielectric film layer 
(22) on a semiconductor substrate (21), 

forming at least one first connection hole 
(24) in the first interlayer dielectric film layer to 
expose the semiconductor substrate, and 

removing oxide film from the exposed sur- 
face of the semiconductor substrate; 

characterized by further comprising: 

forming a barrier metal film (23A), an 
aluminium alloy film (23B) and an anti-reflection 
film (23C) over a region including at least the exp- 
osed semiconductor substrate surface, and heat- 
ing the semiconductor substrate, thereby alloying 
the barrier metal film (23A) and aluminium alloy 
film (23B) and/or the aluminium alloy film (23B) 
and the anti-refiection film (23C). 



6. A method of fabricating a semiconductor device 
comprising: 

forming a first interlayer dielectric film layer 
(22) on a semiconductor substrate (21), 

forming at least one first connection hole 
(24) in the first interlayer dielectric film layer to 
expose the semiconductor substrate, 

removing oxide film from the exposed sur- 
face of the semiconductor substrate, 

forming a first conductive film layer (23) 
over a region including at least the semiconductor 
substrate surface, and 

forming a second interlayer dielectric film 
layer (26) on the semiconductor substrate sur- 
face, 

characterized in that the second interlayer 
dielectric film layer comprises three layers of sili- 
con oxide film. 

7. A method of fabricating a semiconductor device 
according to claim 6, wherein the intermediate 
layer of said three layers of silicon oxide film in the 
second interlayer dielectric film layer is silica 
which is applied by spinning. 

8. A method of fabricating a semiconductor device 
comprising: 

forming a first interlayer dielectric film layer 
(22) on a semiconductor substrate (21), 

forming at least one first connection hole 
(24) in the first interlayer dielectric film layer to 
expose the semiconductor substrate, 

removing oxide film from the exposed sur- 
face of the semiconductor substrate, 

forming a first conductiv film layer (23) 
over a region including at least the semiconductor 
substrate surface, 

forming a second interlayer dielectric film 
layer (26) on the semiconductor substrate, 

forming at least one second connection 
hole (25) in the second interlayer dielectric film 
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layer (26) to expose the first conductive film layer; 

removing oxide film from the first conduc- 
tive film layer; 

forming a second conductive film layer 
(27) over a region including at least the at least 5 
one second connection hole (25) without first 
exposing to the air; and 

heating the semiconductor substrate. 

9. A method of fabricating a semiconductor device 10 
according to claim 8 t wherein the second conduc- 
tive film layer (27) comprises a lower layer of a ref- 
ractory metal film (27A) and an upper layer of an 
aluminium alloy film (27B). 

15 

10. A method of fabricating a semiconductor device 
according to claim 9, wherein the heat treatment 
causes the refractory metal film and the alumi- 
nium alloy film to be alloyed, and also caused the 
refractory metal film to be alloyed with the first 20 
conductive film layer in the bottom of the at least 

one second connection hole. 
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Fig. 2 A 



Fig.2B 



Fig.2C 



Fig. 2D 




17 



EP 0 499 433 A2 



Fig. 5 
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Fig.7 
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Fig.9 
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